1 research improves health in three main ways. Firstly, it results in the development of new and better interventions in the form of both medical products (e.g., drugs, vaccines, diagnostics, and devices) and improved processes to strengthen health service delivery, ultimately contributing to universal coverage with essential health care. Secondly, it informs the development of effective policies and practices. Finally, it empowers people and individuals to internalize knowledge and practice health behaviors in their daily lives. Knowledge and research alone are insufficient to be a force of change without two other critical components, namely, political commitment and social movement.
health research is "a broad term that covers many types of research and no attempt has been made to come up with a single system for categorizing it. Instead, it is multidimensional and can be categorized in many ways, (e.g., biomedical, clinical, public health, basic, applied, researcher driven, health system driven, quantitative, and qualitative) according to the World health Organization (WhO).
health care delivery in Oman has attained great heights since the modern renaissance in 1970. although the health service had the main impetus all these years, the importance of health research began to take place by mid 1990's and is now gaining momentum as an important responsibility and activity of the ministry of health (moh). although there has been progressively increasing investment and commitment to research activities in the recent Five Year Plan for health development, it still lags behind in the quality and quantity of research output. lack of factors like adequate infrastructure, dedicated human resources, empowerment of existing systems, and societal support for research have adversely affected research output. centre of Studies and research in moh has proposed a strategic plan, the 'health vision 2050 for health research' with aim of making Oman the regional leader and a research hub of world standards in health research. The mission is to promote, facilitate, and conduct high quality health research addressing national health priorities to improve health care services and enhance the efficiency and effectiveness of the health system, reduce health inequity, and contribute to socioeconomic development. The strategy includes setting health research priorities, strengthening the health research capacity, defining and implementing norms and standards, developing health research (quality and quantity), translating evidence into policy, strategy and practice, monitoring and coordinating research, financing health research, and evaluating the effectiveness of the health research system. It should generate a multifold increase in the quality and quantity of health research in Oman, positively impacting the health system and health care service. adhr a hilal nasser al m awali, et al.
health research can be classified into two broad categories: disease specific and risk factors health research, which mainly includes biomedical, public health, environmental health, social sciences and behavioral, and science and technology research; and non-disease specific health research (health system research) in which the main focus is on the health system processes, and outputs from the point of view of the system provider.
health systems research can be defined as the type of research that addresses the six building blocks (service delivery, information support, leadership and governance, health workforce, financing, and health technology) of the health system and policy issues that are not disease-specific but concerns systems problems that have repercussions on the performance of the health system as a whole. 3−5 health systems research exists to improve the quality of health service delivery.
health systems research aims to provide information that will improve the function (process) of the health system, and eventually lead to improvement in health status (output). all health systems research should be used to appraise policy makers. health systems research can be considered as a type of applied health research. 6 categories within health systems research are operational research, which looks at the actual delivery of health services, in examining the resources and processes used by the health services and the outputs they attain. 6 health policy research refers to health system research, which are carried out at the service delivery level and are more explicitly aimed at informing higher levels of health policy choices. 6 The WhO strategy on research for health signifies international recognition that global progresses in health are dependent on quality research that is approached from a universal perspective. 7 The guiding principles of the strategy are quality, impact, and inclusiveness. 7 WhO has identified four key building blocks to strengthen research in countries. 7 This was summarized as setting research priorities based on health needs, strengthening research through capacity building, practicing research with high standards, and translation of evidence from research into policy and practice. The interplay of these factors is shown in Figure 1 .
health research system (hrS) is a system for planning, coordinating, monitoring and managing health research resources and activities, and for promoting research for effective and equitable national health development. 8 The definition of hrS proposed by the WhO is: "The people, institutions and activities whose aim is to generate detailed and reliable knowledge that will be used to promote, restore or maintain the health status of populations." 6 hrS improves the health of the community by enhancing the efficiency and the effectiveness of the health system, this impacts the overall process of socioeconomic development.
The health system, education system, and science and technology system are all interlinked with the hrS of a country. These systems are affected by the historical, political, ideological, socioeconomic, geographical, and cultural factors at play in the country. 8 The communication of these systems with each other and with the environment ultimately defines the hrS, which influences the global research community.
There are several reasons for a country to adopt a hrS: 8, 9 ■ In low/middle income countries, health research is uncoordinated and fragmented resulting in inefficiencies and repetition. ■ Some research requires cooperation and linkages between different research organizations or disciplines. ■ In low/middle income countries, research is insufficiently linked to the priorities and objectives of the health system. ■ many research outputs are not sufficiently translated into changes in the health system or into the expected health and equity outcomes. ■ a systems approach is required to advance research capacity and to mobilize resources for research and development. ■ In low/middle income countries, it is sometime unethical, biased, unaccountable, and obscured.
research systems need to take into account the specific nature, culture, history, capabilities, and preferences of the country because knowledge and the road from knowledge to effective health action are usually biased or subjective. research systems are usually country-specific. There is no general system that works perfectly; there are only concepts and principles that need translation into local realities. 10 The main functional components of any national hrS can be summarized to have stewardship, financing, creating and sustaining resources, and producing and utilizing research. 6, 8, 11 Past experience in Oman on health research
The ultimate aim of health research in any country is to improve the health and wellbeing of its population by employing the best available and evidence-based health system and practices. Since the modern renaissance in Oman in 1970, great emphasis has been laid on health service. From the beginning, primary health care was in the forefront and well directed efforts were made to improve health and mitigate preventable diseases, especially communicable diseases. Within a short span of two decades, many communicable and vaccine preventable diseases were controlled. currently, key performance indicators of health like life expectancy at birth, infant and childhood mortality rates, maternal mortality rates, immunization coverage, and incidence rates of several communicable diseases are comparable to developed countries. 12, 13 This was achieved through the rapid and widespread installation of health infrastructure and service inputs, commitment of the stake holders, dedicated services of the health care providers, and the participation of the community. Indigenous research would have played only little role at this stage as most of the research done during these decades were mainly cross-sectional studies, surveys, and descriptive studies to estimate the magnitude of health problems in Oman. The strategy at this time was to become at par with the advancing nations on healthcare and to make up the lost time. The health component of the initial Five Year Plans were all geared to this end.
By the early 1990s, a lot were achieved in the health service sector and a consolidation phase was reached. The national health Policy promulgated in november 1992 brought out a 12 point strategic plan to consolidate the achievements of the previous two decades and plan the way forward.
12 although enhancing health research was still not envisaged in this document, by the end of the century, health research was introduced as an important facet of health service in the subsequent Five Year Plans.
during the initial three decades, findings of research done in other developing and developed countries were adapted to the local situation rather than foster in-house research. The few research that originated in Oman were the outcome of health care personnel doing research out of their personal interest or their perceived health needs in the community rather than due to an organized or structured agenda and much less a mandatory requirement or priorities of the health sector. even then, most of the published research originated from Sultan Qaboos University (SQU) than the ministry of health (moh). having realized the importance of maintaining a proper health information system, an excellent system of case record keeping was initiated by the moh since early 1970. International coding of diseases (Icds) of all morbidity and mortality occurring in the health facilities were accurately maintained and was made accessible to health managers, service providers, and researchers alike. The data are summarized and published annually as the annual health report since 1984 and which are available online at the moh website www. moh.gov.om. at the end of the last century, these records began to be computerized and by 2010, most health institutions have a fully computerized health information system. This has proved to be an enormous boon to launch into research activities pertaining to health disorders, health service, and health care delivery.
during the 1990s, Omani doctors started graduating from SQU and so were nursing and other paramedical graduates from various health professional training institutes in Oman. Omani postgraduates trained in higher specialties were also returning to Oman from other countries where research was an integral part of their training and professional work. This fact, coupled with the adhr a hilal nasser al m awali, et al.
realization that "imported" research findings and policy guidelines are not always applicable to the specific situation in Oman, made it necessary to move towards developing a culture of doing health research to resolve some of the specific health problems and promote health in the local context. The emphasis on research in the subsequent Five Year Plans, the changing pattern of disease burden from communicable to non-communicable diseases, the appreciation by the stakeholders that research is a critical component of health service, and the inclination of the health service providers in the moh to be involved in research has come to the forefront by the current decade.
Current status and situation analysis
Oman strives to be the regional hub of research and innovation covering a wide array of disciplines ranging from biological and health sciences to engineering, social sciences, humanities, and economics bearing in mind the strong social and cultural integrity of the country. The avenues for research in Oman originated from different ministries of the government (such as the moh), private and governmental universities (such as Sohar and nizwa University), research funding bodies such as The research council (Trc), and non-governmental organizations like the environment Society of Oman. health research in particular is not only conducted by the moh but also by other institutions linked with medicine and health sciences (e.g., SQU, nizwa University, Sohar University, etc.).
There is a high political commitment to develop health research and this is manifested clearly in the structure of the moh which has a separate centre of Studies and research (cSr) (prior to 2014 was called the directorate of research and Studies). The routine activities of the centre include advisory support to researchers in the moh, review and approval of research proposals submitted to the research and ethical review and approval committee (rerac), setting research priorities, follow the five year plan for research, cooperate and coordinate with other local and international research bodies, and conducting workshops and other training programs in research methodology, bioethics, and biostatistics for health professionals to list a few. research work in health related fields in Oman can be assessed using the following criteria: 1. health research publications (quantity and quality). 2. research findings being implemented into policy.
most of the health researches and community surveys done earlier ended up as official reports to health authorities and only few studies were published in scientific journals. Therefore, publications in peer-reviewed journals are not reflecting all the research output. Table 1 shows the overall publications in medicine, where Oman ranks ninth among the 15 countries in the region. 14 The number of research published are quite low compared to other countries in the region.
It has to be accepted that both the absolute number of scientific publication and the per capita (based on the population) are low from Oman [ Figure 2 ].
On comparison across countries for the period of 1970 to 2010 15 the average number of publications per million population (PPmP), gross domestic product (GdP), and physicians per 100 publications, Oman was trailing behind on all three indicators.
Quality in research is another important factor to evaluate health research. data shows that the quality of health research in Oman is still low. 16 more than a quarter of the biomedical publications from 2005−2009 appeared in journals having no impact factor (IF) and more than half of the publications were in journals having an IF < 1. The study concluded that though the number of publications originating from Oman increased over the last five years; the quality of research has not improved. 16 Translation of health research into policy and practice is an issue that should also be taken into consideration as a measure of the success of any research organization. Until now the translation of research finding into policy in Oman has been limited. There has to be a system and process by which good quality research done within the country is translated into policies and operationalized for the benefit of the population.
Challenges and problems in health research
clear knowledge and understanding of the strengths and appreciation of the weaknesses in the current system is important to make progress. Figure 3 lists the main strengths of the system and the corresponding challenges. By addressing these challenges significant improvements can be achieved. 17−21 Oman is striving to become a country with high quality research. The most important challenge is to ensure the translation of research results into healthcare measure and policies by reducing frictions between research cultures, bridging gaps, overcoming existing hurdles, and taking into account the social, cultura and ethical values, thereby fostering more interdisciplinary cooperation.
In developed countries like Germany, the hrS is primarily based on pooling expertise, decentralized structure, collaboration, and funding. 22 In developing countries like South africa, hrS is influenced by the political environment while in cuba, the hrS is decentralized and based on national priorities (based on morbidity and mortality data). Thailand is in the process of reforming its hrS while malaysia has better governance, coordination, and harmonization.
Oman can incorporate some valuable lessons from the German health system and can adapt them in the context of its own strong culture, heritage, and vision. cooperation and pooling of expertise between different institutions, academic and nonacademic, such as the moh, SQU, Trc, and various hospitals would help strengthen the hrS in Oman to a great extent. Identifying gaps along with collaboration from relevant public and private stakeholders can further strengthen Oman in the field of health research.
21−23
The experience of developing countries like Thailand and malaysia can be useful to Oman for identifying ways to enhance the system and avoiding the pitfalls. For example, Thailand's experience identified some problems like inefficient fund management, inadequate investment in research, lack of common goals, and long proposal processing time. 24 These could also happen in Oman unless there is an efficient management system, competent monitoring process, and dedicated personnel.
Funds for research are always less than the demand and in both malaysia and Thailand, as in all developing countries, the government has to bear the major financial burden for health research. Oman is in the same situation now as most of the funding for research comes from various governmental agencies, but as a long-term strategy to reduce the burden on the government, involvement of private agencies and non-governmental organizations in health research as part of their social commitment will be an important strategy. The malaysian experience of bringing all research agencies under one umbrella is a valuable lesson to learn. multiple organizations doing research independent of each other will make the system less efficient because of unnecessary duplication, varying standards, excessive overheads, inadequate monitoring, un-coordinated prioritization, vying for funds from same sources, and even unhealthy competition. Prioritizing domains of research is also an important step that Oman has already adopted. 25 
The 2050 vision for health research
To correct the shortcomings of the past, make up the deficiencies of the present, consolidate on the achievements thus far, and reach a high standard of research output in the future, a well-defined strategic plan with appropriate time line has to be in place. The health vision 2050 is a step in this direction. 20 In 2010, Oman celebrated 40 years of modern renaissance. While looking back and celebrating its achievements, it was natural to think ahead and plan where Oman should be in the next 40 years. The moh took this up as a challenge and wanted to plan ahead to 2050. health vision 2050 became a concept that needed to be addressed. hence during the eighth five-year plan (started in 2011) a task force was set up to prepare a strategic plan for the health vision 2050. a steering committee was constituted and the process of developing this vision was through a series of well-planned scientific activities. Fourteen working groups of national and international experts were constituted. each of them was directed to develop a detailed strategic study in one of the domains of the health system, discuss challenges, and consider their own future perspective. 13 Strategic studies were carried out on 24 health domains of evolving importance and health research was one of these domains. 13 Oman health vision 2050, an international conference, was held in may 2012 in which the draft of all the strategic plans were presented. Then, came the task of preparing the health vision 2050 document for each of the 24 domains. The first edition of the main document was published in may 2014 and can be viewed on the moh website. 13 The health vision 2050 for health research was submitted in July 2014.
The primary vision in the plan for health research is for Oman to be a regional leader and a research hub of world standards in health research for a healthier nation. Its mission is to promote, facilitate, and conduct high quality health research in Oman addressing national health priorities to improve the healthcare services, enhance the efficiency and effectiveness of the health system, reduce health inequity, and contribute to socioeconomic developments. To achieve the vision and mission, a set of strategies that are specific, measurable, and achievable was set. The strategic goals can be broadly classified under the following headings: an ancient chinese philosopher once said: "a journey of a 1 000 miles begins with a single step." Using the same analogy, our journey towards 2050 has to also start with some tentative steps and the earlier the better. Few of the steps taken in this direction to reach the health vision 2050 are highlighted in the following section.
Strategy 1: Setting health research priorities
The plan of the moh in focusing on health research is consistent with the global strategy to support decision-makers and enhance evidencebased practice. The cSr set the list of health research priorities with regard to the health system research priorities as well as the disease and risk factor priorities. during the development of the health research priorities, the centre also took into account the criteria recommended by the WhO, which are relevance of the problem, avoidance of duplications, feasibility, application of results, urgency of data needed, ethical acceptability, and political acceptance.
The setting of our research priorities was based on scientific principles, taking into account the priorities of research emanating from the eighth five-year plan for the development of health, regional research priorities, research priorities recommended by international organizations, and research priorities that serve the health vision for 2050.
Underlining the importance of cooperation and collaboration between all stakeholders and decisionmakers, a workshop was held to present and discuss the priorities at which the director generals, heads adhr a hilal nasser al m awali, et al.
of departments, directors of planning, and other experts shared their views and opinions on the research priorities. The list of research priorities was then updated based on the discussion with the stakeholders. This list will be reviewed at the beginning of every five-year plan and revised according to the changing spectrum of the burden of various healthrelated issues and other relevant factors. Short, intermediate, and long-term goals will be set to achieve these targets. The next updating of the list is already under consideration.
The booklet "Health Research Priorities, " includes the list of priorities published by the centre of Studies and research in march 2014. 26 To ensure the adoption of these research priorities into applied research, many steps were taken. For this purpose, the priorities were distributed to all health and educational institutions in Oman and postgraduate students conducting their dissertations as well as researchers within moh who are encouraged to select topics from this list. The main areas of moh priorities include: 1. health system research that constitutes service delivery, health workforce, health information system, medical products vaccine and technology, leadership and governance, and financing. 2. health research related to diseases and risk factors that includes non-communicable diseases, 27 congenital anomalies, injuries, problems related to ageing , disabilities and rehabilitation, communicable diseases, perinatal malnutrition, child and maternal health, health promotion, etc.
Strategy 2: Strengthening health research capacity
Strengthening health research capacity can be achieved through a few factors: ■ establishing a cSr, which has a well-defined and unique responsibility at the national level in the conduct and supervision of research, is of prime importance. This was set up and is functional. more information about this centre is available on its website, which was launched in december 2015. all research proposals have to be submitted online to the rerac. ■ establishing a research hub of world standards that will coordinate and collaborate with other agencies within Oman, which are also involved in conducting, facilitating, and supervising research in the health field. ■ Training of researchers in research methodology, including a comprehensive understanding of bioethics, biostatistics, health economics, computing, and data management as well as training of trainers so that a critical mass of competent trainees are available to carry on this task. The cSr conducts periodic training in research methodology, biostatistics, bioethics, knowledge translation, and related topics to health professionals. cSr staff also contribute as resource persons at similar workshops and seminars for the Oman medical Specialty Board (OmSB), Sultan Qaboos University hospital (SQUh), Institute of health Science, Oman medical college, and such like. The website of cSr also has several educational materials for enhancing knowledge in these topics. ■ Spreading research culture in Oman by offering various incentives to encourage health care professionals to conduct research. Funding for research was set up by the moh, and funds were disbursed on a competitive basis. more details on health research Funding Guideline 2014 are available as a booklet, which can be accessed from the mohcSr website.
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■ enhancement of professional skills by providing continuing medical/professional education (cme) and awarding qualifications in collaboration with academia. collaborative research as well as training of staff are also being worked out with mcmaster University (Toronto, canada) and cardiff University (UK). ■ Promoting the social accountability through better engagement of communities in health research, mainly by involvement of members from the community in the policy making bodies for the translation of evidence from research into action plans and policy making. 
Strategy 4: Developing health research (quality and quantity)
many reports showed that original research arising from Gulf cooperation council (Gcc) counties including Oman is low. moh is the main health service provider in Oman and hence research on health service and health system needs to emanate significantly from moh. research has been introduced as one of the main pillars as per the eighth five year plan. hence, the moh should identify measures to increase the quality and quantity of research, implement the feasible options to achieve it, and evaluate the impact of research in modifying health care and health systems. The quantity and quality of research and scientific publication by staff employed by moh can be strengthened by the following broad set of attributes such as generating motivation to enhance research activity, providing incentive to increase and encourage research, enhancing research skills by training and higher qualification, selecting the right material at recruitment, specifying a career path for research oriented professionals, allotting protected time for research, enhancing electronic clinical record system to be research friendly, and providing easy onsite access to the World Wide Web for researchers and health care providers to access evidence based information.
It was pointed out earlier that both the quantity and quality of biomedical health research in Oman was quite dismal.
14 however, a study published from Saudi arabia in 2015 29 showed that both the quality and quantity of research has significantly improved. according to this study which was based on a retrospective evaluation of 9 222 published studies from the Gcc countries, Qatar's performance was found to be much better followed by Kuwait and Oman. The greatest surge in the number of publication during the study period (2011-2013) was observed in Oman. This study also reported that "although Oman had a comparatively low IF (journal impact factor) in 2011, they recorded a tremendous improvement in successive years". 30 Obviously, this study bears testimony to the improvement in both the quality and quantity in biomedical research in Oman and we are on a trajectory to meet the 2050 vision if we continue the strategies in place.
Strategy 5: Translating evidence into policy and practice
This implies the translation of research findings into policy and practice guidelines at different levels (strategic, executive, and operational). To achieve this goal we have to start with researchers who have to generate high quality research on priority issues. The decision-makers have to utilize the evidence generated by the researchers by making policies and practice guidelines. This can eventually improve health in the community.
research knowledg e translation and dissemination of research outcomes (knowledge transfer and exchange) can be done through: ■ comprehensive website for the cSr to facilitate electronic submission of progress and final reports which can also be used to disseminate news and events of its activities, training opportunities, announcements of national, international and online courses, research reports or published articles using search criteria by disease, topic, author, study type, etc., that links to other professional sites on related topics. ■ establishing a newsletter and/or medical journal from the cSr. ■ Periodic meeting with policy makers, managers, academia and Trc to disseminate results on the format, periodicity, nature of content, and other specification of the publication. ■ encouraging researchers to publish their studies in Observatory that focus on monitoring progress and development, and actively gathering and displaying information about a specific item or topic. The goal of the research and development Observatory is to facilitate evidence-informed policy and practice of research for health by providing all relevant information about that item or topic and making it available to stakeholders.
Strategy 7:
Financing health research health research is more productive when there is an assured regular availability of funds. The latest recommendation of the WhO is that developing countries should commit 0.05-0.1% of GdP to government-funded health research of all kinds. higher-income countries should commit 0.15-0.2% of GdP. To achieve these recommendations, the following should be considered: ■ a universal mechanism should be established to monitor progress on the financial and technical support provided for health research in developing countries.
■ The cSr has to have a corpus fund for disbursing for approved research. ■ The moh will have to provide and sustain this fund from its budget as the cSr is not an income generating entity, but is only a service provider and its customers are currently only from moh. however in the future, by expanding its clientele, some income may be generated from its training program, consultative services, donations from philanthropic individuals and organizations, and even from patents that may come from research funded by the centre.
Strategy 8: Evaluating the effectiveness of the HRS
The evaluation of hrS effectiveness is a critical issue to ensure the success of the program and assess the impact of the conducted research to overcome the challenges and problems faced by the health system and decision-makers. Some of the aspects to be taken in this area are:
■ monitor and evaluate the use of research results by the national control program and its impact on disease burden and health services. ■ develop a system for detecting and dealing with scientific misconduct. ■ requesting the receipt of raw data to verify the analysis and/or to carry out an in-depth analysis. ■ registration of the ethical review committees and randomized controlled clinical trials. ■ monitoring and validation by local supervisors/ administrators.
C O N C LU S I O N research has been the corner stone in the development of innovation and technology in the past and will continue to be critical in healthcare not only in improving health and quality of life but also in the appropriate application of newer technology and innovation. In the last 40 years, since the beginning of the modern renaissance in Oman, the role of inhouse research in the health field has been low. But this cannot remain so as there is a need to provide evidence-based health care and health delivery that is specific to the local situation. hence, the quantity and quality of research have to increase in order to remain relevant and in the forefront of healthcare in the coming decades. The moh through its health vision 2050 for health research hope to achieve the vision it has set in its target. It is equally important to adapt to the changing scenarios in health service and with the needed course correction, will meet the evolving need and overcome the challenges of the next 40 years. Knowledge of the past and present problems and challenges enabled us to draw this strategic plan which will hopefully be a corner stone to achieve the 2050 vision for health research. The first few tentative steps have been taken and with dedicated planning and sustained effort, this vision can become a reality.
